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frequency ('"-'1590 crrr-): The bands at 14{)0, 1260
and 1200 em'? are assigned to 80H, 8CH and
vC-O respectively. The intensity of 80H decreases
in the chelates apparently due to the displacement
of a proton from one OH group on complex forma-
tion. The band at 1260 cm! in the ligand appears
either as a broad band or a split band specially in
the case of uranium and cerium chelates indicating
the higher stability of the chelates of uranium and
cerium as compared to thorium chelate.
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Tris-chelated chromium(llI) complex with 2-guani-
dlnobenztmldazole has been prepared by complete
replacement of thiocyanate groups in K.[Cr(NCS).]
The 10Dq value (20200cmv), obtained from 4T211~4Al'
transition is slightly lower than those of similar
Cr(III)N. chromophores,
NOTES
IN a previous communication", it has been report-
ed that only partial replacement of thiocyanate
groups in K3[Cr(NCS)6] by benzimidazole and
its 2-methyl derivative could be effected. In
this note we report substitution of all the six
thiocyanate groups on refluxing K3[Cr(NCS)6J with
2-guanidinobenzimidazole2-a (GBH) in ethanol. In
the presence of excess of Cr(NCS)~-, the complex
[Cr(GBH+)3J[Cr(NCS)a] is formed; Pfeiffer and
Werdelmann? obtained [Cr(phen)3][Cr(NCS)6] by a
similar procedure. However, with excess ligand,
followed by treatment with ethanolic KOH, the
complex base [Cr(GBH+)3J(OH)3 is obtained from
which different salts, viz, chloride, bromide and
sulphate, were prepared by treatment of the base with
acids. Iodide and nitrate salts were obtained by
suitable metatheses (Table I).
The conductance value of 386·6 ohm? cm2 mole?
in aqueous solution at 30° for the complex chloride
confirms the tervalency of the cation, and the roo m
temperature magnetic moment values (3'95-4·04
BM) are characteristic of chromiurnfl H). This
complex is stable in aqueous solution.
The electronic absorption spectra reveal that 10Dq
value of [Cr(GBH+laJ3+ (20200 em"), as calculat-
ed from the transition 4T2g<E-4A2g is slightly lower
than those of [Cr(BigH+)3J3+ (20747 cm+; BigH=
biguanide) and [Cr(en)3J3+ (21930 crrr-) containing
comparable Cr(III)N6 chromophores=".
Tris (2 - guanidiniumbenzimidazole) chromium(III)
hexathiocyanatochromateiL II) - An excess of
K3[Cr(NCS)6l on reflux with the ligand in ethanol for
15 min, followed by dilution with a large volume
of water, yielded a rose-red solid which was puri-
fied by reprecipitation from ethanol and dried in
vacuo over CaClz.
Tris (2-guanidini-wmbenzimidazole )chromium(I I I) hy-
droxide - A refluxed mixture of Ka[Cr(NCS)6J
(2·0 g) and the ligand (2·2 g), when treated with
ethanolic KOH (0·5 gllO ml) followed by dilution
with water, gave a voluminous rose-red precipitate.
This was purified by reprecipitation from ethanol.
On digestion on a steam-bath for about 10 min,
a deep red crystalline mass was obtained, which
was filtered, washed with water, and dried in vacuo
over CaCI2/KOH.
The author wishes to thank Prof. S. P. Ghosh,
Patna University, Patna, for taking keen interest
in the work.
TABLE 1 - CHARACTERIZATIONDATA OF THE VARIOUSCOMPLEXES
Compound Colour Cr (%) N (%) Anion (%) tJ.eff (BM)
Found Reqd Found
(3000K)
Reqd Found Reqd
X(OH). Red 8·21 8·27 33·78 33·43 3·97
XCI •• 3·5H.O Orange 6'86 6'98 28·22 28·13 14'38 14·24
XBr3• 4H.O do 5·76 5·85 23·87 23·63 27·03 26·95
XI3• 6H.O do 5·07 4·89 19·60 19·70 35·76 35·70
X(SO.)1.5. 5·5H.O Violet pink 6·17 6'34 25·63 25·60 17·75 17·56 4·04
X(N03la, 2H.O Rose-red 6·48 6·50 31-43 31·53
XCr(NCS) •• 5HP* do 9·94 9·74 27-40 27-60 3·95
X = [Cr(CsH.N6).]S+.
*Found: C. 34'01; H, 3'50% (Reqd C. 33·73; H. 3-57%).
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The synthesis and characterization of some new
thiocarbonyl complexes of cobalt and vanadium are
reported. The complexes have been synthesized
starting from n-cyctopentadtenytmetat carbonyls
(metal = cobalt and vanadium) and converting them
into the corresponding triphenylphosphine complexes
by reaction with one equivalent of PPh3• The tri-
phenylphosphine complexes are converted into the
corresponding thiocarbonyl complexes by treatment
with es. in the presence of very small amounts of
triphenylphosphine. The reaction of the thiocarbonyl
complexes with some nucleophilic reagents has also
been studied.
EX~ENSIVE work has been done on the prepara-
tion and characterization of metal carbonyls-,
the metal complexes of carbon monoxide. However.
few examples of the analogous ligand thiocarbonyl
(CS) are known, primarily due to the unavailability
of f~ee thiocarbonyl.. Wilkinson2 reported the syn-
thesis of the first thiocarbonyl complex of rhodium
in 1966, following which many other reports on the
synthesis of thiocarbonyl complexes of iridium--!
ruthenium=", iron'', chromium. tungsten and molyb~
denurn", ma~ganeselO and cobaltt- have appeared.
The synthesis and characterization of hitherto un-
known thiocarbonyl complexes of cobalt and
vanadium are reported in this note.
The general method of preparation of the thiocar-
bonyl complexes of cobalt and vanadium can be
summarized by the reaction in Scheme 1.
PPh3
'Il-C.H.M (CO)1·1 (PPh3)
CS2fPPhs t
PPh3S+'Il-C•H5M(CO)x.l(CS)
(M=Co. x=2; M=V. x=4)
Scheme 1
----
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1J-Cyclop.entad~enylcobaltcar~ony~ [r,-CsHsCO(CO)2]
reacted wI~h tnl:hen~lphosplune III xylene under
reflux t.o gIve. '1)-CsHsCo(CO)(PPha). This complex
when stirred with LS2111 xylene gave, after chromato-
graphic separation, the first thiocarbonyl complex
of cobalt, '1)-C5Hs~0(CO)(~S), identified by complete
elemental analysis and infrared data. The green
coloured monothiocarbonyl obtained thus on further
treatment with PPh3 and CS2/PPh3 gave in solution
the dithiocarbonyl compound, r,-CsHsCO(CS)2'identi~
fied by tJ~eabsence of C~ ~bsorption and the presence
of two CS absorptions III ItS infrared spectrum. At-
tempts to isolate this complex in the solid state
were unsuccessful. 1J-Cyclopentadienylvanadium-
te.tracarbonyl. r,-Cs.HSV(CO)4' reacted (Scheme 1)
wI~h PPh3 (one equivalent) and CS2 to give the first
thIOcarbo~yl complex of vanadium, 1J-CsH5V(CO)a-
(CS). Tlus complex further reacted with PPh and
CS2 to give the dithiocarbonyl, 'r,-CsHSV(CO)2
3
(CS)2
as well.
~usetto12 has reported that the thiocarbonyl
cation [r,-C~Hs~e(COMCS)J+ re~cts with nucleophiles
such as aaide IOn and hydrazine. Later Angelici-"
reported that the thiocarbonyl group in M(COls(CS)
(M= Cr and W) .was attacked both by primary
and secondary arrunes.
~hese two reports pro~pted us to study the re-
actions of the present thiocarbonyl complexes with
nu~leophilic reagents like methylamine, dimethyl-
amine. etc. Aq: methylamine reacted with r,-CsHs
Co(CO) (CS) to gl\re hydrogen sulphide and a complex
identified as YJ-CsHsCo(CO)(CNCHa). The infrared
spectrum. in dichloromethane, shows vCN at 2155
crrr", similar to the position of vCN in the related
methyl isocyanide compounds'P-P. PMR showed
only two diffe.rent types. of protons present at (3)
4·83 and 2·2 In 5:3 ratio, Earlier Busetto-> and
Angelici13.have reported that aqueous methylamine
reacts With coordinated CS ligand to give the'
corresponding isocyanide complexes. The \~anadium
thiocarbonyl, r,-C5HSV(COla(CS) also reacted with
aq. methylamine to yield r,-CsHSV(CO)3(CKCH3).
It showed PMR signals at (a) 4·53 and 2·13.
Reaction between aq. dimethylamine and the
thiocarbonyl derivatives resulted in a change of
colour of the reaction mixture from yellow to orange
after reflux, After extraction with pentane, the
mixture failed to yield YJ-C5HsM(CO)2C(SH)N(CHa)2'
the e::cpected product. .PMR. of the resulting aqueous
solution before extraction WIth pentane was compli-
cated and inconclusive. Aqueous trimethylamine
and N,N-dimethylaniline did not react with cobalt
and vanadium thiocarbonyl derivatives, The thio-
carbonyl derivatives also did not react with
methanol. Methanol, being a milder nucleophile,
is probably not sufficiently nucleophilic enough to
attack the thiocarbonyl groupw, This result is in
conformity with the earlier observation of Angelici
et alP. that the metal thiocarbonyl complexes did
not react with rnethoxide ion in methanol. The
thiocarbonyl derivatives also did not react with
methoxide ion in methanol, ethoxide ion in ethanol
and thioethoxide ion in thioethanol, This is ex-
pected because these ions are more basic than
nucleophilic=. Further work is in progress.
